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Preparative and laboratory analysis
Dry and degassed acetonitrile and dichloromethane were obtained from a Pure Solv MD-7 solvent purification system. 'Dry' dimethyl sulfoxide was obtained from Acros (99.7+% extra dry over molecular sieves). Acetonitrile used some reactions (indicated below in individual reactions) was dried and purified by triply distilling over anhydrous AlCl 3 , then Li 2 CO 3 and finally CaH 2 , according to a procedure reported by Walter and Ramaley (method A).
1
Nitrogen gas was oxygen-free and dried immediately prior to use by passage through a column containing sodium hydroxide pellets and silica. Commercial chemicals were purchased from Sigma-Aldrich or Alfa Aesar.
All air sensitive procedures were carried out using Schlenk techniques (high vacuum, liquid nitrogen trap on a standard in-house built dual line). Where necessary a glove (dry) box was used (<0.5 ppm O 2 ).
Room temperature upper and lower limits are stated as 13-25 °C, but typically 21 °C was recorded.
Commercial chemicals were purchased from Sigma-Aldrich and Alfa Aesar and used directly unless otherwise stated in the text. Brine refers to a saturated aqueous solution of NaCl.
TLC analysis was carried out on Merck TLC aluminium sheets (silica gel 60 F254) and visualised with UV light (at 254 nm), iodine vapour or an aqueous solution of potassium permanganate. Flash chromatography was run on silica gel 60 according to the method reported by W. C. Still et al.
2
Melting points were recorded using a Stuart digital SMP3 machine and are uncorrected values.
Instrument details for compound characterisation purposes:
NMR spectra were obtained in the solvent indicated, using a JEOL ECX400 or JEOL ECS400 
S4
decimal place (note: for some 13 C signals it was necessary to quote 2 decimal places). Numbers were rounded to the nearest value, e.g. 1.237 ≈ 1.24, 1.232 ≈ 1.23.
IR spectroscopy was undertaken using a Jasco/MIRacle FT/IR-4100typeA spectrometer using an ATR attachment on solid and liquid compounds; solution and KBr (disc) IR spectra were obtained on a Nicolet
Avatar 370 FT-IR spectrometer, according to standard procedures.
MS spectra were measured using a Bruker Daltronics micrOTOF MS, Agilent series 1200LC with electrospray ionisation (ESI and APCI) or on a Thermo LCQ using electrospray ionisation, with <5 ppm error recorded for all HRMS samples. LIFDI mass spectrometry was carried out using a Waters GCT Premier MS Agilent 7890A GC (usually for analysis of organometallic compounds when ESI or APCI are not satisfactory ionisation methods). Mass spectral data is quoted as the m/z ratio along with the relative peak height in brackets (base peak = 100).
UV-visible spectra were recorded using a JASCO V-560 instrument with quartz cells (1 cm path length). Spectra were processed in SigmaPlot version 10.0 (2006 Systat Software, Inc.). 2 and Pd(OAc) 2 (pip) 2 
Characterisation of "Pd

Catalytic evaluation of Pd(OAc)(NO 2 )(pip)
Direct arylation of 2'-deoxyadenosine
To a vacuum-dried Schlenk tube was added 2'-deoxyadenosine (473 mg, 1.88 mmol, 1.0 eq.), CuI (1.07 g, ).
Using ca. 81% Pd 3 (OAc) 5 NO 2 : An identical procedure was used as above, using Pd 3 (OAc) 5 NO 2 as the catalyst/precatalyst, which gave the product as a white solid (67 mg, 84% yield). filtered whilst hot to remove metallic palladium formed during the reaction. The filtrate was then kept in the fridge which led to yellow crystals being formed. After 14 days, the yellow semi-crystalline material was filtered, washed with hexane and dried in vacuo to give 6 (0.415 g, 82%). The characterisation data for the material produced from this reaction is given in section 5.1.4.
In air using triply-distilled CH 3 CN
Procedure identical to that reported in 5.1.1. After 14 days, the yellow semi-crystalline material was filtered, washed with hexane and dried in vacuo to give 6 (0.225 g, 44%). The characterisation data for the material produced from this reaction is given in section 5.1.4.
Under N 2 atmosphere using triply-distilled CH 3 CN
Procedure identical to that reported in 5.1.1, with the exception that the reaction was conducted under N 2 (Schlenk techniques). After 14 days, the yellow semi-crystalline material was filtered, washed with hexane and dried in vacuo to give 6 (0.339 g, 67%). The characterisation data for the material produced from this reaction is given in section 5.1.4. H NMR spectroscopic analysis of the crude reaction mixture(s) indicated that cyclopalladation had fully occured within less than one hour).
Electronic
Characterisation data for complex 6
In both DMSO-d 6 
analysis on crystalline material derived from DMSO). 1 H NMR spectrum of material produced from the reaction of papaverine with impure Pd(OAc) 2 in air using triply-distilled CH 3 CN. Note: the proton signals have not been intergrated (this spectrum is for illustrative purposes only). Also, note the presence of acetic acid (ca. δ 12.0 ppm).
Reactions of
Under N 2 atmosphere using triply-distilled CH 3 CN
Procedure (and scale) identical to that reported in 4.1.1 using impure Pd 3 (OAc) 6 {ca. 81% 1 H NMR spectrum of material produced from the reaction of papaverine with impure Pd(OAc) 2 under nitrogen, using triply-distilled CH 3 CN. Note: the proton signals have not been intergrated (this spectrum is for illustrative purposes only).
Synthesis of [Pd(OAc)(C^N)PPh 3 ]: Reaction of 6 with PPh 3
Palladium complex 6 (150 mg, 7.5x10 
. General details
Diffraction data for Pd(OAc) 2 (pip) 2 , Pd(OAc)(NO 2 )(pip) 2 , complex 6 and [Pd(OAc)(C^N)PPh 3 ] (7) were collected at 110 K on a Bruker Smart Apex diffractometer with Mo-K α radiation (λ = 0.71073 Å) using a SMART CCD camera. Diffractometer control, data collection and initial unit cell determination was performed using "SMART".
7
Frame integration and unit-cell refinement was carried out with "SAINT+". 8 Absorption corrections were applied by SADABS. Structures were solved by "direct methods" using SHELXS-97 (Sheldrick, 1997) 10 and refined by full-matrix least squares using SHELXL-97 (Sheldrick, 1997).
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All non-hydrogen atoms were refined anisotropically. Hydrogen atoms were placed using a "riding model" and included in the refinement at calculated positions. The complex, Pd(N-Hpap) 2 (NO 2 ) 2 ], was isolated from a reaction of complex 6 with NaNO 2 in refluxing CH 3 CN (a single crystal was picked from the bulk material). On this basis a tentative mechanism which may explain the formation of Pd(N-Hpap) 2 (NO 2 ) 2 is given in the Scheme below. Further studies are underway to independently prepare this complex, allowing its full characterisation to be accomplished and chemical reactivity to be assessed. 
X-ray data for
S25
Diamond were carried out on a Rigaku Saturn CCD diffractometer equipped with an Oxford Cryosystems Cobra cryostream, while at the ALS data were collected using a Bruker APEXII CCD diffractometer equipped with a Oxford Cryosystems Cryostream Plus.
In photocrystallographic experiments a suitable single crystal was mounted on the diffractometer and flash cooled to 150 K. A ground state structure (GS) was first collected in the absence of any external light. The crystal was then irradiated in-situ at 150 K using a specifically designed LED ring, positioning six 400 nm LEDs (350 mcd, 3.7 V, 20 mA) 1 cm from the crystal in a uniform circle. In addition, the crystal was continuously rotated during this exposure to ensure maximum uniformity of irradiation. After 1 h irradiation the LED ring was removed and a second identical data collection conducted in the absence of light, from which the photoexcited structure was determined.
The level of photoexcitation in the system was assessed through structure solution, with the conversion level for the isomers 8a and 8b refined using a disorder model in which the total occupancy of each atom was summed to unity. The process of irradiation, data collection, structure solution and refinement was then repeated to confirm that maximum conversion to 8b had been achieved. The crystal was then held at 150 K in the dark for 1 h and a subsequent data collection confirmed that the level of photo-conversion remained unchanged, proving the excited state to be metastable at this temperature. Variable temperature parametic studies were then conducted in which the temperature was increased and identical datasets collected at intervals to determine the temperature range over which the metastable state was present.
In thermal crystallographic experiments a suitable single crystal was first mounted at room temperature on the diffractometer and a dataset collected in the absence of any light. The structure was solved and refined to determine the ratio of 8a and 8b isomers in the crystal, before the temperature was decreased at a rate of 120 K / h to slowly cool the crystal in-situ. Cooling was paused and identical datasets collected at regular intervals of c.a. 50 K and the structures were solved and refined in order to monitor any difference in the 8a:8b ratio as a result of the temperature change.
The programs CrystalClear and APEXII were used for collecting frames, indexing reflections and determination of lattice parameters at Diamond and the ALS respectively, and the program SADABS was used for absorption correction at the ALS while CrystalClear was used to apply absorption corrections for the Diamond synchrotron data. The structures were solved by direct methods using SHELXS-86 12 and refined by full-matrix least-squares on F 2 using SHELXL-97. 13 In all the structures the ordered non-hydrogen atoms were refined with anisotropic displacement parameters, while disordered atoms were refined with occupancies summed to unity. Hydrogen atoms were placed in idealised positions and allowed to ride on the relevant carbon atoms. Refinements continued until convergence was reached. 
